Objective: To prospectively investigate the occurrence of respiratory symptoms related to obstructive sleep apnea (OSA) following primary palatoplasty in children with cleft palate (CP).
Introduction
Surgical closure of a palatal cleft in children is frequently followed by complications such as pain, bleeding, tongue edema, airway obstruction, postextubation laryngitis, episodes of hypoxemia with oxygen desaturation, along with bradycardia or tachycardia (Biazon and Peniche, 2008; Hobaika and Lorentz, 2009; Henriksson and Skoog, 2001; Rose et al., 2002; Saldien et al., 2003; Wood, 1994; Xue et al., 1996) . Physiological functions are immature in the child so that changes in the airway dead space may modify the respiratory efficiency (Beppu et al., 1991) . Therefore, we hypothesized that in infants with a cleft, palatoplasty might have a significant obstructive effect similar to the effect produced by pharyngeal flaps, used for the treatment of velopharyngeal insufficiency in adults with repaired cleft palate (Yamashita and Trindade, 2008) . Indeed, Rose et al. (2002) observed microsymptoms of upper airway obstruction during sleep in children who underwent primary closure of the palate.
Conversely, obstructive sleep apnea (OSA), defined as a disorder caused by complete or partial obstruction of the pharynx during sleep, may be associated with congenital airway malformations, as those caused by the cleft palate. Increased risk for occurrence of OSA in children has been reported after palatoplasty, mainly by retrospective studies (Liao et al., 2003 (Liao et al., , 2004 MacLean et al., 2008; MacLean et al., 2009a MacLean et al., , 2009b Muntz et al., 2008; Robison and Otteson, 2011; Sheldon, 1998) and MacLean et al. (2012 MacLean et al. ( , 2013 considered OSA underdiagnosed in this population.
Therefore, the main goal of the current study was to prospectively investigate the occurrence of obstructive symptoms related to OSA following surgical closure of the palate in infants, aiming to identify risk factors for the occurrence of OSA in the short and long term.
Method
The study was approved by the Institutional Review Board under protocol no. 290/2009-SVAPEPE-CEP and was performed after parent or caregiver informed consent.
Subjects
A sample of 76 nonsyndromic children, of both genders, was analyzed. The participants were selected among children under routine care at the cleft clinic, according to the order of surgeries, and were divided into 2 groups: 56 children with cleft palate (CP group), mean age of 14 months, and 20 children with unilateral cleft lip not affecting the alveolar ridge (CL group), mean age of 5 months, taken as controls. The CP group was divided into 3 subgroups: isolated cleft palate (n ¼ 20) and unilateral (n ¼ 20) or bilateral (n ¼ 16) cleft lip and palate, with previously repaired lips.
Only CP children who underwent primary palatoplasty by the modified von Langenbeck technique, and CL children who underwent cheiloplasty by the Millard technique were included in the study. Both are techniques routinely employed at the clinic, where the protocol comprises lip surgery at 3 months and palate surgery at 12 months. Children underwent surgery when hemoglobin values were greater than or equal to 9.5 g/dL and 10 g/dL, respectively, and in the absence of lesions, infected wounds, skin itching, pediculosis, scabies, bronchitis, diarrhea, vomiting, worms, cold, fever, and infections (Bertier et al., 2007) .
Children with Robin sequence, bifid uvula, heart diseases, respiratory diseases and other preexisting conditions identified by the anesthesiologist during the preoperative routine assessment were not included in the study.
Procedures
Preoperative evaluation (PRE). At the preoperative evaluation, performed 1 to 2 days before surgery, the child's parent or caregiver responded to a 3-item validated questionnaire designed for use in children with OSA (Brouillette et al., 1984; MacLean et al., 2009b) consisting of the following questions: "1. How often would you say that your child has difficulty breathing when he or she is sleeping? 2. How often would you say your child snores? 3. Does your child stop breathing when he or she is asleep?" Questions 1 and 2 were scored as: never (0), occasionally (1), frequently (2), and constantly (3), and question 3 as yes (1) and no (0). Scores obtained were used to calculate the "OSA index" using the equation proposed by Brouillette et al. (1984) 
, where D is the score related to difficulty of breathing (0-3), A is the score related to apnea episodes (0 or 1), and S is the score related to snoring (0-3). Scores lower than -1.0 suggest "absence of OSA," scores between -1.0 and þ3.5 suggest "possible OSA," and scores greater than þ3.5 suggest "presence of OSA" (see scale in Figure 1 ). Considering that the left side of the scale involves negative numbers (-3.8 to 0), scores increase from the left to the right. On a screening study, MacLean et al. (2009b) observed that the Brouillette scale correctly predicted an OSA diagnosis for more than 90% of children examined.
Early postoperative evaluation (POSTe). During the first 24 hours after surgery, the presence of the 3 main respiratory symptoms (difficulty of breathing, apnea events and snoring) were investigated by the nursing staff, and used to calculate the OSA index.
Late postoperative evaluation (POSTl). One to 2 months after hospital discharge, the child's parent or caregiver was contacted by a telephone call and was again asked to respond to the 3-item questionnaire and the OSA index was calculated. Surgical site infection, surgical dehiscence, or rehospitalization were not reported.
At all stages, parents or caregivers responded to additional 8 questions on other sleep-related symptoms: (1) restless sleep; (2) sweating during sleep; (3) labored breathing during sleep; (4) gasping during sleep; (5) cyanosis during sleep; (6) irritability during the day; (7) mouth breathing during sleep; and (8) mouth breathing while awake. Symptoms were scored as never (0) occasionally (1) frequently (2) constantly.
Statistical Analysis
The results are presented in absolute and relative frequencies. For quantitative variables, the mean and standard deviation were calculated. Significant differences between independent samples (eg, CL group Â CP group) were analyzed by the Student t test. The significance of differences between related samples (eg, PRE vs POST data) was assessed by the ANOVA test for paired samples. The significance of differences between proportions of independent samples was analyzed by the Fisher exact test. All tests were conducted at a significance level of P < .05.
Results

General Data
In the sample of 76 children, comprising 20 in the CL group and 56 in the CP group, there was a predominance of whites and white-black admixtures (99%) and male gender (66%). The mean age was 5 months (3-13 months) for the CL group and 14 months (12-15 months) for the CP group. The mean weight and height of the children, respectively, were 7 kg (5-13 kg) and 64 cm (42-80 cm) in the CL group and 10 kg (7-14 kg) and 77 cm (47-86 cm) in the CP group. As expected, the age, weight, and height of the CP group and its subgroups (UCLP, BCLP, and iCP) were statistically higher than in the CL group. No statistically significant differences were observed between subgroups of the CP group.
Surgeries were performed by seven surgeons. The number of surgeries performed by a surgeon ranged from 7 to 16. The von Langenbeck technique was used for total closure of the palate (hard and soft) in 47 children (84%). Intravelar veloplasty was not used by any surgeon. Nine children (16%) underwent the von Langenbeck technique for the posterior palate repair combined with the Hans Pichler technique for anterior palate repair. All 20 children in the CL group were operated by the Millard technique. In a few cases, other procedures were performed simultaneously (nasal ala correction in cases of cheiloplasty, and frenulectomy, myringotomy, tooth extraction, and secondary cheiloplasty in cases of palatoplasty). Table 1 shows PRE, POSTe, and POSTl mean scores of OSA index. In the 3 periods analyzed, the CL and CP groups showed mean scores lower than -1.0, suggesting absence of OSA. However, the preoperative CP mean score was significantly higher than the CL mean score, indicating a higher frequency of respiratory symptoms in the former group. The CP mean score increased significantly at POSTe, and decreased again at POSTl. The postoperative mean score did not differ statistically from the preoperative score, and from the CL group score. The changes observed in the CP group were not accompanied by statistically significant changes in the CL group. The same behavior identified for the group as a whole was seen for the different types of cleft palate, that is, increased mean score at POSTe (significant only for groups UCLP and iCP), followed by return to the preoperative condition at POSTl. The mean score observed for the 3 groups at any of the periods analyzed did not differ from each other; however, a higher mean score (-0.8) was observed postoperatively for the UCLP group, suggesting a higher frequency of OSA-related respiratory symptoms. Table 2 shows the distribution of children according to the OSA indexes. The majority of the sample did not present scores suggestive of OSA ( -1.0). In the CL group, this occurred in 100% of cases. In the CP group, 2 cases (4%) already exhibited scores suggestive of "possible presence of OSA" preoperatively. The number increased to 9 cases (16%) at POSTe, explaining the increase in mean scores, shown in Table 1 . No child had symptoms at the POSTl period.
OSA Index
In summary, these results suggest greater occurrence of respiratory symptoms related to OSA in patients who underwent palatal surgery at POSTe.
Other Respiratory Symptoms Table 3 shows questionnaire data collected at the PRE, POSTe, and POSTl periods. Concerning differences between groups, statistical analysis showed that the CP group had greater occurrence of "snoring/noisy breathing during sleep" than the control group in the 3 periods analyzed. The proportion of 59% observed preoperatively increased to 80% at POSTe. This was reduced to 48% at POSTl but still differed statistically from that observed in the control group. Significantly higher proportion of reports of "mouth breathing during sleep" was also observed for the CP group (73%) compared to the control group at POSTe, which were significantly reduced at POSTl (32%). Differences were not statistically significant for the other symptoms assessed.
With regard to changes between periods of assessment, in the CP group, besides the increase in the reports of snoring previously mentioned, there was also a significant increase in the reports of "labored breathing during sleep" at POSTe, which were no longer observed at POSTl, except in 2 cases. Reports of "difficult breathing during sleep" and "mouth breathing during sleep" significantly decreased at POSTl. There was also a decrease in the reports of "sweating during sleep" at POSTe compared to PRE in both groups. Finally, there were no reports of breathing pauses during sleep in the CL group for the 3 periods analyzed, nor in the CP group at POSTe and POSTl. In summary, considering only the clinically significant findings, a greater number of children with CP had postoperative respiratory complications, manifested as snoring, transient labored breathing and mouth breathing during sleep. Breathing pauses during sleep were not seen in the postoperative period of both groups.
Discussion
The main goal of this study was to identify, in children with palatal clefting, clinical evidence of OSA after surgical reconstruction of the palate, as reported by the parents and by in loco investigation of OSA signs and symptoms, in the short and long term. The results indicated a noticeably higher prevalence of OSA respiratory-related symptoms in that population than in children with an isolated cleft lip who underwent lip repair. However, most symptoms observed were transient, and the main one to be identified-breathing pauses during sleep-was not reported by the parents or caregivers, initially leading to rejection of the hypothesis of higher prevalence of OSA in children with cleft palate who underwent surgical repair. Theoretical aspects justify the interest and importance of this (100) 20 (100) 20 (100) 54 (96) 47 (84) 56 (100 approach, and the methodological aspects of the study should be discussed for a better interpretation of results. Sleep-disordered breathing is on a continuum, with snoring at one end and obstructive sleep apnea at the other, leading to fragmentation of sleep, cardiovascular, and neurocognitive disorders. Apnea (or even hypopnea) is caused by recurrent pharyngeal collapse during sleep, as a result of loss of neuromuscular compensation, which ensures airway patency in normal conditions (Katz and D'Ambrosio, 2008) , or in the presence of congenital skeletal malformations of the upper airway, which reduce internal dimensions (MacLean et al., 2009b) . In children with cleft palate, these malformations are observed 5 times more frequently than in children without clefts, with even higher frequency in syndromic children (Robison and Otteson, 2011) . It should be noted that the latter were not included in this study. Factors that increase the inspiratory effort, such as nasal obstruction, also contribute to events of apnea during sleep (Marcus, 2000) and are also frequently observed in individuals with clefts (Fukushiro and Trindade, 2005) .
In the specific case of children with cleft palate, the main goal of surgical correction is to reconstruct the anatomical defect, thereby favoring the associated functions, mainly speech and hearing (Bertier et al., 2007) . If, on one hand, surgery provides obvious benefits, on the other, functions such as breathing may become impaired, as seen in the current study. By changing the anatomy of the oronasal and pharyngeal airway, palatoplasty modifies the airflow dynamics, which is particularly critical in children, who are physiologically immature and more susceptible to those changes.
A review published by MacLean et al. (2009a) showed evidence that infants and children may have increased risk for respiratory sleep disorders after palatoplasty, but not after cheiloplasty, which was confirmed in the present study, at least in the short term and using the current methodology.
To achieve a more objective analysis of signs and symptoms, this study employed the index proposed by Brouillette et al. (1984) . Though aware that polysomnography was already the method of choice for the diagnosis of OSA by that time, those authors questioned if children under presumptive diagnoses of OSA should be subjected to instrumental examination. Through parents' reports, the authors analyzed a group of 23 children with OSA secondary to tonsillar hypertrophy and diagnosed by polysomnography, besides a group of 23 children with suspected OSA who did not undergo examination and another group of 46 normal children. In the group with OSA, the authors found increased frequency of the following symptoms compared with the normal group: difficulty to breathe during sleep (96% vs 2%), apnea witnessed by the parents (78% vs 5%), snoring (96% vs 23%), restless sleep (78% vs 23%), chronic rhinorrhea (61% vs 11%), and mouth breathing while awake (87% vs 18%). The authors then defined an equation including the six variables above, which accounted for 94% of the variance in the final diagnosis, and which was later reduced to 3 variables "difficulty breathing, apnea, and snoring during sleep." Based on their findings, the authors established a scale of scores that allowed correct categorization of all normal individuals and 22 of 23 individuals with suspected OSA: (1) scores greater than þ3.5 were highly predictive of OSA; (2) no child with score smaller than -1.0 presented OSA, and (3) scores between -1.0 and 3.5 were suggestive of OSA, and therefore complementary diagnosis by polysomnography was warranted.
In the present study, analysis of the mean scores in the early postoperative period indicated greater occurrence of symptoms related to OSA, in patients who underwent palate repair compared to lip repair. This finding was corroborated by analysis of individual scores and their distribution in the 3 categorization levels. However, the obstructive effect disappeared in the late postoperative period, suggesting that the symptoms were secondary to the surgical intervention on the palate per se. The same behavior was observed for the 3 types of clefts affecting the palate.
In order to identify additional factors involved, the frequency of other respiratory symptoms in the early and late postoperative periods was analyzed. Statistical analysis showed that preoperatively the cleft palate group differed significantly from the control group regarding the presence of "snoring during sleep" (59% vs 15% of cases analyzed, respectively), but the percentage increased up to 80% in the early postoperative period for the group who underwent palate repair, without significant change in the patients who underwent lip repair. This prevalence is close to that observed in children with tonsillar hypertrophy analyzed by Brouillette et al. (1984) , but this was not the case of the children in the present study. In the early postoperative period, there was also an increase in the percentage of "mouth breathing" and "difficulty to breathe" during sleep. However, all symptoms were temporary, that is, were not identified at the late postoperative and, in addition, the symptom that characterizes OSA, the breathing pause, was not observed after surgery in both groups and in both periods. This may mean that snoring is a primary symptom, possibly related to changes in nasal resistance (Fukushiro and Trindade, 2005) or in pharyngeal morphology (Hermann et al., 2002) secondary to lip and/or palate clefting, causing the airflow to become audible when passing through congenitally narrowed regions. However, as mentioned by Muntz (2012) , an isolated finding of snoring should not be underestimated, because it indicates airway obstruction, which can result in significant organic, cognitive, and behavioral problems.
The possible influence of surgery per se on the respiratory symptoms observed in the early postoperative period should also be considered. As mentioned before, in children undergoing palatoplasty, the number and severity of complications, as well as the number of affected children, were noticeably higher than in children who underwent cheiloplasty, which is less invasive and of shorter duration. Tissue edema resulting from surgical manipulation of the palate and the residual effect of anesthetic drugs have a potential impact on upper airway patency, as stated by Schwerdtfeger et al. (2009) for pharyngeal flap surgery. However, for both surgeries, no severe or unexpected adverse events were observed intraoperatively in the present study.
Although the findings may suggest no causal relationship between palate surgery and respiratory symptoms, snoring was still observed in 27 of 56 cases, 2 months after surgery Therefore, to definitely describe the occurrence of OSA in infants with cleft palate, polysomnography should be performed, which is the gold standard method for the diagnosis of sleep breathing disorders. Prospective studies at the Sleep Studies Unit of the HRAC-USP Laboratory of Physiology are investigating the presence (or absence) of OSA in children and adults with cleft palate, using polysomnography. This is mandatory considering statements in the literature (MacLean et al., 2009a (MacLean et al., , 2009b ) that OSA remains underdiagnosed in the population of individuals with orofacial clefts.
Conclusion
The present findings suggest that surgical closure of the palate has an obstructive effect on the upper airway during the first 24 hours after surgery, most likely due to surgical manipulation and secondary complications, such as tongue edema, bleeding, postextubation laryngitis, and others. This obstructive effect is mainly expressed as snoring, which is still observed in the long term, and other transient symptoms, such as difficulty breathing during sleep, yet without breathing pauses.
Therefore, different from the study hypothesis, palatoplasty did not cause evident signs of OSA in the sample of children with cleft palate analyzed. However, the high prevalence of snoring observed in the long term indicate that children with a palatal cleft who undergo surgical repair are at risk for OSA. Future studies should analyze the occurrence of apnea by polysomnography, which is the gold standard for the diagnosis of sleep breathing disorders.
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